Background-The aim of this study was to test the hypothesis that the chronic inflammatory process present in chronic obstructive pulmonary disease (COPD) is due to a defective endogenous antiinflammatory mechanism. Methods-Systemic levels of the antiinflammatory mediators soluble interleukin 1 receptor II (sIL-1RII), soluble tumour necrosis factor receptor p55 (sTNF-R55) and sTNF-R75, and of C reactive protein (CRP) and lipopolysaccharide binding protein (LBP) were analysed in 55 patients with stable COPD (median forced expiratory volume in one second (FEV 1 ) 34% predicted (range 15-78)) and compared with levels in 23 control subjects. In addition, changes in these mediators were studied in 13 patients with COPD (median FEV 1 34% predicted (range 19-51)) during the first 7 days in hospital with an exacerbation of the disease. 3) and LBP (at day 7) were significantly reduced compared with day 1, whereas sIL-1RII levels increased. Conclusions-These data suggest an imbalance in systemic levels of pro-and anti-inflammatory mediators in patients with stable COPD. The increase in the anti-inflammatory mediator sIL-1RII during treatment of exacerbations may contribute to the clinical improvement. (Thorax 2001;56:721-726) Keywords: chronic obstructive pulmonary disease; systemic inflammation; soluble interleukin 1 receptor II Chronic obstructive pulmonary disease (COPD) is characterised by airway inflammation which is considered to play a pathogenic role in this disorder.
Chronic obstructive pulmonary disease (COPD) is characterised by airway inflammation which is considered to play a pathogenic role in this disorder. 1 Polymorphonuclear leucocytes (PMN) are present in increased numbers in bronchoalveolar lavage (BAL) fluid and in sputum. In addition, an influx of macrophages and lymphocytes in the bronchial mucosa and increased levels of the proinflammatory cytokine tumour necrosis factor (TNF) and the chemokine interleukin (IL)-8 have been observed in the sputum of patients with COPD. 2 In the circulation increased levels of inflammatory markers such as C reactive protein (CRP) and lipopolysaccharide binding protein (LBP), the soluble TNF receptor p55 (sTNF-R55), and soluble adhesion molecules have been reported. 1 3 4 Exacerbations of COPD are associated with alterations in the inflammatory profile as indicated by sputum and bronchial mucosa eosinophilia. 5 An increase in both bronchial and systemic inflammation has also been demonstrated. [6] [7] [8] [9] [10] To date, the underlying mechanisms which induce and control the inflammatory process during (exacerbations of) COPD are unknown.
The course of an inflammatory process will be determined by the balance between proand anti-inflammatory mediators. Several naturally occurring cytokine inhibitors are known for the pro-inflammatory cytokines TNF and IL-1. 11 Two receptors for IL-1 are present on various cells: the type I receptor (IL-1RI) which mediates cellular activation and the type II receptor (IL-1RII) which does not transduce a signal but acts as a decoy receptor. Both IL-1 receptors are present in soluble (s) forms and these soluble receptors inhibit IL-1 in solution. [12] [13] TNF mediates intracellular signalling via two transmembrane receptors: a 55 kDa receptor (TNF-R55) and a 75 kDa receptor (TNF-R75). TNF-R55 is considered to be the principal TNF receptor, although TNF-R75 also mediates some cellular eVects of TNF. Soluble forms of both receptors are reported to inhibit the biological activity of TNF. 14 15 It can be speculated that a defective endogenous anti-inflammatory mechanism could contribute to the continuation of the inflammatory processes observed in COPD. In the present study the systemic levels of the anti-inflammatory mediators sIL-1RII, sTNF-R55, and sTNF-R75 were therefore studied in patients with stable COPD and compared with levels in control subjects. In addition, the changes in these inhibitors were studied in a group of patients admitted to hospital with an acute exacerbation of COPD. To assess the systemic inflammatory response, the acute phase proteins CRP and LBP were analysed.
Methods

STUDY POPULATION
Patients with stable COPD
The study group consisted of 55 patients consecutively admitted to a pulmonary rehabilitation centre. COPD was defined as forced expiratory volume in one second (FEV 1 ) <80% predicted for age and height, 2 agonist reversibility of <15% or 200 ml, with airflow obstruction evidenced by a ratio of FEV 1 to forced vital capacity (FVC) of <70%. 16 Patients with concomitant confounding diseases such as diabetes mellitus, lung carcinoma, thyroid and cardiovascular disease and those with bronchiectasis were excluded from the study. Only patients in a stable clinical condition (who had not suVered from a respiratory tract infection during the previous 6 weeks) and without clinical signs of oedema were included.
Patients with an exacerbation of COPD
This group consisted of 13 subjects consecutively admitted to hospital suVering from an acute exacerbation of COPD (diagnosed as described above). The presence of an acute disease exacerbation was determined by an independent chest physician and was defined as a recent increase in dyspnoea, cough, and sputum production of suYcient severity to warrant admission to hospital. The patients were treated with a standard protocol of medication, starting immediately after admission to hospital (day 0). Medication consisted of nebulised salbutamol >20 mg/24 h, inhaled ipratropium bromide, intravenous theophylline resulting in a plasma theophylline concentration within the therapeutic range (median (range) 11.1 (5.7-21.5) mg/ml), and prednisolone. The dose of prednisolone was dependent on body weight and ranged from 50 to 75 mg/24 h during the first 4 days of the exacerbation followed by half the initial dose on days 4-7. In cases with bacterial infection identified by sputum culture, specific antibiotic treatment was given.
Healthy controls
The healthy control group consisted of 23 subjects aged over 50 years with no evidence of COPD based on questionnaires and lung function testing, randomly selected from a population sample of subjects living in the same area as the patients. They had no acute or chronic disease and were not taking any medication.
The study was approved by the medical ethics committee of the University Hospital Maastricht and all subjects gave their informed consent.
LUNG FUNCTION AND DISEASE SYMPTOMS FEV 1 and FVC were calculated from the flowvolume curve using a spirometer (Masterlab, Jaeger, Würzburg, Germany). Lung function parameters were expressed as percentage of reference. 17 Blood was drawn from the brachial artery while the subjects were breathing room air. Arterial oxygen tension (PaO 2 ), arterial carbon dioxide tension (PaCO 2 ), and arterial pH were analysed on a blood gas analyser (Radiometer, ABL 330, Copenhagen, Denmark). Dyspnoea was scored using a visual analogue scale. 18 
MEASUREMENT OF INFLAMMATORY PARAMETERS
An evacuated tube containing EDTA (Sherwood Medical, St Louis, MO, USA) was used to collect blood. Inflammatory mediators were measured in plasma by sandwich enzymelinked immunosorbent assay (ELISA), as described previously. Briefly, for detection of sTNF-R55 and sTNF-R75, monoclonal antibodies MR1-1 and MR2-2 were used for coating and specific biotin labelled polyclonal rabbit anti-human (h)-sTNF-R IgG as detector reagents. 19 LBP was detected using polyclonal rabbit anti-rhLBP IgG as coating and biotin labelled polyclonal rabbit anti-rhLBP IgG for detection. 20 For sIL-1RII measurement plates were coated with monoclonal antibody 8.5 against shIL-1RII and detection was carried out with a biotinylated polyclonal rabbit anti-shIL-1RII IgG. 21 The CRP concentration was measured by a polyclonal ELISA for which antibodies and standard were obtained from Dako A/S (Glostrup, Denmark). The detection limits of the assays were 100 pg/ml for both sTNF-Rs and sIL-1RII, 200 pg/ml for LBP, and 500 pg/ml for CRP. Streptavidinperoxidase conjugate was obtained from Zymed Laboratories Inc (San Francisco, CA, USA) and the substrate 3,3',5,5'-tetramethylbenzidine was obtained from KPL (Gaithersburg, MD, USA). Absorbance was measured spectrophotometrically at 450 nm using a micro ELISA autoreader. The leucocyte count was determined using COBAS Micro (HoVman La Roche, Basel, Switzerland).
ANALYSIS OF DATA
DiVerences in parameters between study groups were compared using the MannWhitney U test. The Wilcoxon signed rank test was used for comparisons within an individual on days 1, 3, 5, and 7 of the exacerbation. Correlations between diVerent parameters were evaluated using Pearson rank correlation analysis. Significance was determined at the 5% level. Data are expressed as median (range) in the text and tables and as box plots (median, interquartile range, outliers and extreme cases) in fig 1. Data were analysed according to the guidelines of Altman et al 22 using SPSS/PC+ Version 7.5 for Windows (SPSS Inc, Chicago, IL, USA).
Results
PATIENTS WITH STABLE COPD
The characteristics of the patients with COPD in a clinically stable condition and the healthy control subjects are summarised in table 1. In the control group all pulmonary function parameters were in the normal range. Although PaCO 2 in the patients did not diVer from the control subjects, PaO 2 was significantly decreased. All patients except one were current or ex-smokers compared with 17 of the 23 control subjects.
Clear indications for a systemic inflammatory process in patients with stable COPD compared with healthy controls are shown in table 2. Significantly increased leucocyte counts and increased levels of CRP and LBP were found in the peripheral blood of the patient group. Increased levels of sTNF-R55 were seen but there was no diVerence in the levels of sTNF-R75 or sIL-1RII between patients with COPD and control subjects (table 2) .
The eVect of treatment on systemic inflammation in the patients with COPD was analysed. Maintenance medication consisted of oral or inhaled 2 sympathicomimetics (n=53), oral theophylline resulting in a plasma theophylline concentration within the therapeutic range (8.3 (5.0-16.4) mg/ml; n=35), inhaled ipratropium bromide (n=49), oral glucocorticosteroids (7.50 (5.0-12.5 mg/day; n=26), and inhaled glucocorticosteroids (n=45). Six of the 55 patients were using additional oxygen because of low resting arterial PaO 2 . No diVerences in systemic levels of CRP, LBP, sTNFRs, and sIL-1RII were observed between patients taking oral corticosteroids and those not doing so (data not shown), although the leucocyte count was increased in patients using oral glucocorticosteroids (7.7 (4.7-16.4) × 10 9 /l v 7.0 (4.8-10.0) × 10 9 /l; p<0.05). The systemic levels of CRP, LBP, sTNF-Rs, and the leucocyte count were significantly increased in the subgroup of patients not using oral glucocorticosteroids compared with healthy controls. The other medications had no significant eVects on levels of inflammatory mediators (data not shown), with the exception of an increased sTNF-R55 level with ipratropium bromide (0.68 (0.38-2.44) ng/ml v 0.50 (0.37-0.80) ng/ml p<0.05) and reduced sTNF-R75 level with inhaled glucocorticosteroids (1.53 (0.81-4.66) ng/ml v 1.90 (1.49-4.04) ng/ml; p<0.05). No relationship was observed between PaO 2 and levels of CRP, sTNF-R55, sTNF-R75, and leucocyte count, but levels of LBP were inversely related (r=-0.317, p=0.019). In order to analyse the eVect of smoking behaviour on systemic inflammation, levels of inflammatory mediators in ex-smokers (n=38) and current smokers (n=16) were compared. No diVerences were observed with respect to leucocyte count and CRP, LBP, and sIL-1RII levels but levels of both sTNF-R55 and sTNF-R75 were significantly lower in current smokers (sTNF-R55: current smokers (0.59 (0.38-0.83) ng/ml v ex-smokers 0.68 (0.37-2.08) ng/ml, p<0.05; sTNF-R75: current smokers 1.35 (0.81-2.10) ng/ml v ex-smokers 1.74 (0.94-4.21) ng/ ml, p<0.05). No influence of sex on inflammatory mediators was detected (data not shown). In addition, no significant correlation could be found between the levels of systemic pro-or anti-inflammatory mediators and the lung function of patients (data not shown).
PATIENTS WITH AN EXACERBATION OF COPD
Thirteen patients (nine men) with an exacerbation of the disease were studied. On day 1 PaCO 2 was higher and PaO 2 was lower than in patients with stable COPD. Ten of the 13 patients were current or ex-smokers. Only one patient had fever on the first day after admission. Standard medication was started immediately after admission (day 0). During the hospital stay nine patients were given additional oxygen. The median length of hospital stay was 12 (9-28) days. Nine of the patients were suVering from bacterial infection; three were colonised with Haemophilus influenzae as the sole pathogen whereas H influenzae was combined with Pseudomonas sp and Moraxella sp in one, with other Gram negative organisms in two, with Pneumococcus sp in one, and with Pasteurella sp in one. One patient was colonised by Pseudomonas aeruginosa as the sole pathogen.
Levels of inflammatory mediators were measured on days 1, 3, 5, and 7 after admission. Both acute phase proteins were significantly reduced during treatment of the exacerbation (fig 1) . Compared with day 1, CRP levels were significantly reduced at day 3 and LBP levels at day 7. In contrast, sIL-1RII levels increased progressively during treatment to day 5, after which they remained at the same level (fig 1) . Treatment of the exacerbation also resulted in a significant increase in leucocyte count from day 1 to day 3 (fig 1) . Both sTNF-R55 and sTNF-R75 showed a temporary rise from day 1 to day 3 of treatment (sTNF-R55: day 1, 0.57 (0.39-0.87) ng/ml v day 3, 0.66 (0.48-1.18) ng/ml, p<0.05; sTNF-R75: day 1, 1.30 (1.05-2.10) ng/ml v day 3, 1.55 (1.24-2.94) ng/ml, p<0.05). The levels of both sTNF-R55 and sTNF-R75 at days 5 and 7 did not diVer from those on day 1 (data not shown). No relationship was found between a positive bacterial culture and levels of inflammatory mediators. During the hospital stay a small but significant improvement was seen in lung function (FEV 1 0.84 (0.56-1.52) l and 0.72 (0.56-1.44) l on days 7 and 3, respectively; p<0.05). In addition, subjective disease symptoms monitored by dyspnoea were reduced during the course of the disease. Further analysis of the changes in inflammatory mediators revealed that changes between days 1 and 7 in sIL-1RII levels were strongly correlated with changes between days 1 and 7 in leucocyte count (r=0.74, p=0.015).
Discussion
In this study the systemic levels of the soluble forms of both TNF-R55 and TNF-R75 and of IL-1RII, which could function as naturally occurring cytokine inhibitors, 11 were analysed. The pro-inflammatory cytokines TNF and IL-1 are thought to play a central role in inflammatory processes, and increased levels of TNF have been reported in sputum and in the circulation of patients with COPD. 2 23 Furthermore, both TNF and IL-1 have been detected in bronchial submucosal cells in patients with chronic bronchitis, and during exacerbations the number of TNF positive cells is significantly increased. 5 Although the chronic inflammatory state in COPD suggests an imbalance between pro-and anti-inflammatory mediators, to date there are no data on the levels of anti-inflammatory mediators in this disease. Results from this study show that sTNF-R55 levels were significantly increased in patients with stable COPD compared with controls, and sTNF-R75 levels also showed a tendency to increase, which is in agreement with the findings of previous studies. 3 23 In vitro studies have revealed that shedding of TNF-R from the cell membrane is induced by proinflammatory mediators. 15 In addition, increased levels of sTNF-Rs have been reported in various inflammatory diseases, 24 indicating that increased levels of TNF-Rs can be considered as markers for an inflammatory process. In addition, both sTNF-Rs retain their ability to bind TNF and, when present in high concentrations, they block the biological activity of TNF.
14 Since the increase in the level of TNF-Rs observed in the patients with stable COPD in this study was very mild, they are considered mainly as markers for a proinflammatory state.
The soluble form of IL-1RII is present in the circulation of healthy controls and in increased levels in sepsis. 25 The high binding aYnity of sIL-1RII for IL-1 13 implies that raised levels of sIL-1RII may serve to buVer the systemic action of IL-1. However, no diVerences in circulating sIL-1RII levels were found between patients with COPD in a stable condition and controls.
To monitor the systemic inflammatory response, the acute phase proteins CRP and LBP were measured and were found to be significantly increased in patients with stable COPD, in agreement with previous studies. 3 26 The concept that stable COPD is characterised by a systemic inflammatory process is further supported by reports of increased circulating levels of IL-6 and raised counts of activated leucocytes in COPD. 4 26 Moreover, the observation in this study of increased levels of proinflammatory mediators such as acute phase proteins, sTNF-Rs, and leucocyte count, together with no change in the levels of the anti-inflammatory mediator sIL-1RII, suggest an imbalance between pro-and antiinflammatory mediators in the circulation of patients with stable COPD.
Figure 1 Decrease in (A) CRP and (B) LBP (B) and increase in (C) sIL1-RII and (D) leucocyte count during treatment of exacerbations of COPD. Blood was collected from patients (n=13) on days 1, 3, 5, and 7 after admission to the hospital for an acute disease exacerbation. Data are expressed as box plots showing the median, interquartile range, outliers, and extreme cases of individual variables (indicated by individual patient numbers). For statistical analysis the Wilcoxon signed rank test was used. The arrows represent significant diVerences (*p<0.05).
Several factors are known to aVect airway inflammation in COPD. 27 Increased circulating levels of leucocytes were observed in the subgroup of patients with stable COPD treated with oral corticosteroids, a drug which is known to have anti-inflammatory activity. This may reflect an increased survival time of cells resulting from an inhibitory action of steroids on neutrophil apoptosis. 28 However, in the subgroup of patients not using oral glucocorticosteroids increased systemic inflammation indicated by a raised leucocyte count and increased levels of soluble mediators was also present, which suggests that the systemic inflammatory process in COPD is not due solely to oral corticosteroid use. Hill et al reported a reduction in IL-8 levels in the sputum of patients with COPD who had stopped smoking compared with patients who were currently smoking. 29 However, we found no eVect of smoking on the systemic inflammatory profile in this study, with the exception of both the sTNF-Rs which were surprisingly reduced in current smokers compared with ex-smokers. PaO 2 had no eVect on the systemic inflammatory markers in our study, but Takabatake et al 23 found an inverse correlation between systemic hypoxaemia and circulating TNF and TNF-Rs levels in patients with COPD. This discrepancy could be due to the fact that the patients in the latter study had more severe hypoxaemia than those in our study. Recent papers have reported a relation between bacterial load of patients with stable COPD and local inflammation as measured in sputum and BAL fluid. 30 31 Further studies are required to study the relationship between lower respiratory tract infection and systemic inflammation.
The events responsible for increased susceptibility to develop an exacerbation of COPD are poorly understood. Evidence indicates prominent changes in the inflammatory profile during exacerbations reflected by airway eosinophilia and increased levels of sputum proteins such as IL-6, IL-8, myeloperoxidase (MPO), elastase, and endothelin-1. 5-7 10 In addition, increased levels of systemic inflammatory markers such as CRP, IL-6, fibrinogen, eosinophilic cationic protein (ECP), and MPO have been reported. 8 9 Antibiotic treatment of patients with acute bacterial exacerbations resulted in a reduction in CRP levels. 6 We also found that treatment of an exacerbation resulted in a decline in the levels of both acute phase proteins CRP and LBP. The levels of both sTNF-Rs, however, showed only moderate changes and thus seemed not to be involved in the pathogenesis of the exacerbation. Furthermore, in this study it is reported for the first time that the levels of the antiinflammatory mediator sIL-1RII increased significantly during treatment of the exacerbation, implying that this could contribute to clinical improvement in patients with COPD.
Standard medication during treatment of an exacerbation in our hospital during the time of the study included intravenous administration of prednisolone. In vitro experiments have shown that exposure of cells to the steroid analogue dexamethasone resulted in enhanced membrane expression of IL-1RII followed by augmented release of the receptor over a period of 18-24 hours. 32 These findings, and the increase in sIL-1RII levels from days 1 to 5 of treatment, strongly suggest that the continuous administration of corticosteroids is responsible for the increase in sIL-1RII levels and may thus contribute to the clinical improvement of these patients. However, further research is required to test this hypothesis. In addition, the increased leucocyte count observed in the exacerbated patients could be due to the administration of corticosteroids as part of the treatment procedure, as has been discussed earlier.
It cannot be determined from this study whether systemic levels of sIL-1RII are derived from the lungs or are produced in the blood. Membrane bound IL-1RII has been identified on B lymphocytes, monocytes, PMN, and bone marrow cells, 33 whereas no expression of this receptor could be detected on lung epithelial cell lines. 34 The strong relationship between systemic leucocyte count and sIL-1RII levels suggests that this mediator is derived from blood leucocytes. Further studies are required to analyse the source of sIL-1RII and to investigate its biological eVects, both local and systemic.
In conclusion, data presented in this study suggest an imbalance in levels of pro-and antiinflammatory mediators in the peripheral blood of patients with clinically stable COPD. Furthermore, treatment of exacerbations was shown to be associated with a reduction in acute phase proteins CRP and LBP and in an increase in sIL-1RII levels, which could be responsible for the observed clinical improvement. 
